Corpus cavernosum smooth muscle (CCSM) from rabbits made diabetic for 6 months as a result of alloxan injection exhibited increased sensitivity (3vs 9 nM EC 50 ) and generated 20-50% greater force to endothelin-1 (ET-1) compared to CCSM from normal rabbits. In contrast, the force produced by the CCSM in response to KCl and phenylephrine was not significantly altered in diabetic CCSM. The increased ET-1 sensitivity is associated with a two to three-fold upregulation of ET receptor A at both mRNA and protein levels in diabetic CCSM. ET-1-induced CCSM contraction is largely dependent upon Rho-kinase (ROK), since it is almost completely blocked by Y-27632 (a highly selective ROK inhibitor). Furthermore, expression of ROKb isoform is selectively upregulated in CCSM from diabetic rabbits. Thus, an increased CCSM tone, modulated by sensitization of the endothelin-mediated contractile pathway via ROK, may be a key component of the molecular mechanism of diabetes-induced erectile dysfunction.
Introduction
The therapeutic action of phosphodiesterase V inhibitors involves blocking the degradation of guanosine 3 0 , 5 0 -cyclic monophosphate (cGMP) to guanosine 5 0 monophosphate (GMP) leading to enhanced relaxation of the corpus cavernosum smooth muscle (CCSM). This molecular mechanism alone has proven sufficient to restore good erectile function to millions of previously impotent men. However, there remains a large percentage of men with erectile dysfunction (ED) for whom this drug is not as effective in restoring erectile function. One group over-represented in these nonresponders is men with diabetes. 1, 2 Even the newer more potent phosphodiesterase V inhibitors being developed do not appear significantly more efficacious than Viagra in treating impotence in the diabetic population, [3] [4] [5] suggesting that separate distinct pathological alteration(s) in diabetic men may exist. The clinical relevance of this problem is highlighted by the fact that about 50% of men with diabetes also have ED 6 and both type I (insulin-dependent) and type II (noninsulin-dependent) diabetes is associated with ED, with type I men reporting ED slightly more frequently than type II men. 7 One molecule that has been receiving much attention recently in the diabetic research community is endothelin. 8 The endothelins (ETs) are a family of 21-amino acid peptides consisting of ET-1, ET-2 and ET-3, 9 each the product of a separate gene and differing from one another by only a few amino acids. 10 Relative expression of the ET isoforms varies in different tissues, 11 with the biological actions of the ETs being determined by their relative binding to ET receptor subtypes. ET-1, the most well-characterized and predominant ET in normal plasma, 12 is synthesized by endothelial cells. 9 Thus, in the CCSM, ET-1 could be released from the endothelium lining the CCSM itself as well as from the lining of the arteries within the cavernous bodies. Recent studies have suggested that ET-1 plays an important role as a modulator of erectile physiology and dysfunction. 13, 14 Interestingly, ET-1 has been shown to cause both relaxation and contraction of vascular smooth muscle.
The two main subtypes of ET receptors are referred to as ETA and ETB and are encoded by separate genes. 15, 16 Activation of the ETB receptor has been shown to cause a transient vasodilation, 17 while activation of either the ETA or ETB receptor can cause a sustained contraction of smooth muscle. 18 Thus, the relative expression of these ET receptors may be crucial for defining the contractile state of the CCSM. Although both ETA and ETB receptors exist in mammalian CCSM 19 including human, 14 ET-1-induced CCSM contraction appears to be mediated predominantly by ETA receptors.
In vitro radioligand binding studies initially identified ET-1 and the ETA receptor in rat CCSM, and showed increased binding of these molecules in diabetic CCSM, but ETB receptor binding was not observed. 19 Using the same technique, this same group reported that ETB, but not ETA or ET-1, was significantly upregulated in diabetic rabbits. 20 In a separate study, they reported a decrease in ETB receptor binding sites in the cavernosal tissue of hypercholesterolemic rabbits. 21 However, none of these studies examined whether there were any changes in the physiological response of the CCSM to ET-1 or in the downstream regulators of ET-1-induced contraction.
It has been shown that ET-1 stimulates the small GTPase 'RhoA', 22 suggesting that the molecular mechanism by which ET-1 causes smooth muscle contraction may involve the Rho-kinase (ROK) pathway. This hypothesis is supported by the fact that ET-1-induced contraction of stellate cells and portal vein constriction can be almost completely inhibited by the ROK-selective inhibitor Y-27632. 23 ROK is a downstream effector of Rho and has been implicated in calcium sensitization of smooth muscles by lowering the Ca 2+ concentration required for myosin light-chain phosphorylation, a prerequisite for force generation. 24 ROK has been classified into two isoforms known as ROKa and ROKb. 25, 26 In this study, we report that CCSM from diabetic rabbits exhibits an overexpression of both the ETA and ETB receptors and an increased sensitivity to ET-1-induced force generation. In addition, we also provide evidence that ET-1-induced contraction of CCSM is largely mediated by ROK and that the ROKb isoform is selectively upregulated in the diabetic rabbit CCSM. These results suggest that a sensitization of CCSM to ET-1 may be a key factor involved in the pathogenesis of ED in diabetics and could at least partly explain the decreased efficacy of Viagra in treating ED in the male diabetic population.
Materials and methods
Diabetic rabbit model. All studies involving animals were approved by the University of Pennsylvania Animal Use Committee. Diabetes was induced by injection of alloxan (100 mg/kg body weight) into the ear vein of 12-week-old male New Zealand White rabbits weighing approximately 6 lbs. The blood glucose level was checked 1 week after the alloxan injection and prior to euthanasia after 6 months and only rabbits with blood glucose levels of 300 mg/dl or higher were used for this study. Age-matched normal rabbits served as controls.
Isolation of rabbit corpus cavernosum. Corpora cavernosa were removed from both normal and diabetic rabbits, cleaned of the adjacent tissue as previously described 27 and placed in organ baths containing Tyrode's buffer equilibrated with 95% O 2 and 5% CO 2 for physiological studies or immediately snap frozen in liquid nitrogen for subsequent mRNA and protein analyses. Some corpora with an intact tunica albuginea were also placed in fixative for histological analysis.
Force measurements. The CCSM (one strip per corpora of B50 mg) was prepared for physiological force measurements and L 0 determined as previously described. 27 The response to ET-1 (human/ porcine from Sigma Chemicals; St Louis, MO, USA) was then determined over the concentration range 0.41-33.3 nM. For studies examining the role of ROK in ET-mediated CCSM contraction, the CCSM was preincubated with Y-27632 (5 mM) or vehicle for 15 min prior to stimulation with ET-1.
RNA extraction and RT-PCR. RNA was extracted from frozen CCSM of normal and diabetic rabbits using TRIZOL reagent (Invitrogen; Carlsbad, CA, USA) according to the manufacturer's protocol. The quality of the RNA for each sample was monitored by electrophoresis through formaldehyde containing agarose gels. Reverse transcription (RT) and polymerase chain reaction (PCR) were carried out as previously described 28 using primer pairs that specifically amplify ET-1, ETA, ETB, ROKa and ROKb. In all reactions, a-actin was amplified as an internal control.
The sequence of the primers used for ET-1 RT-PCR and the predicted product sizes were: ET-1,
. The sequences of all primers were based on the published rabbit sequences with the exception of ROKa, which had not been cloned, and was designed based upon the known human, mouse, and rat sequences. Quantification of the resulting PCR products was performed by scanning densitometry using a Bio Rad GS-700 (Hercules, CA, USA) densitometer as described previously. 29 A volume analysis of the bands was performed and the raw data expressed as mean OD units Â area. All PCR products were sequenced to confirm their identities. 29 Increased contractility of diabetic CCSM in response to endothelin S Chang et al SDS-polyacrylamide gel electrophoresis (PAGE) and Western blot analysis. Total extractable protein was isolated from frozen corpora of both normal and 6-month diabetic rabbits as previously described. 27 Next, equivalent amounts of total protein from normal and diabetic rabbit CCSM were loaded onto 7.5% or 12% SDS-PAGE gels and transferred to Immobilon-P membrane. 27 After blocking with 5% fat-free milk for 1 h, the membrane was incubated with a 1 : 1000 dilution of primary antibody ((anti-ETA, cat. # 324758, Calbiochem; San Diego, CA, USA) or (anti-ETB, cat. # 324755, Calbiochem)) or 1 : 2000 dilution ((anti-ROKa, cat. # R54520, Clone 21, Transduction Laboratories; Lexington, KY, USA) or (anti-ROKb, cat. # R81520, Clone C-19, Transduction Laboratories)) for 2 h at room temperature. The blot was then washed, and further incubated with secondary antibody at 1 : 4000 ((ETA: anti-rabbit Ig, cat. # NA934, Amersham Biosciences; Piscataway, NJ, USA), (ETB: anti-sheep IgG, cat. # A3415, Sigma), (ROKa or ROKb: anti-mouse Ig, cat. # NA931, Amersham Biosciences)) for 1 h at room temperature. Membranes were washed thoroughly with PBS containing 0.05% Tween 20 between incubations. Antibody reactivity was detected using an enhanced chemiluminescence kit (ECL) from Amersham Biosciences and quantitated by scanning densitometry as described above.
Histochemistry. Paraffin sections were prepared from normal and diabetic rabbit corpora cavernosa as previously described. Briefly, tissue sections were placed in histoclear solution and then washed in descending grades of ethanol and finally with 1 Â PBS (phosphate buffered saline). Hematoxylin & eosin (H & E) staining and immunostaining were performed essentially as previously described. 29 For immunostaining, the slides were incubated for 30 min in 1% BSA to block nonspecific binding and then the sections were incubated for 1-2 h at room temperature with different primary antibodies ((anti-ET-1, cat. # CP44, Clone TR.ET.48.5, 1 : 400, Calbiochem), anti-ETA (1 : 200) or anti-ETB (1 : 200)). Next, the sections were washed 3 Â in PBS and then treated with secondary antibody ((ET-1: anti-mouse IgG-Cy3, C-2181, Sigma), (ETA: anti-rabbit IgG-FITC, F-0511, Sigma), (ETB: anti-sheep IgG-FITC, F-7634, Sigma)) all at a dilution of 1 : 400 for 1 h, washed 3 Â with PBS, and mounted with a drop of mounting medium (Aqua-Mount, Lerner Labs; Pittsburgh, PA, USA). Sections were then examined under a fluorescence microscope (Leitz) equipped for epifluorescence illumination. Negative controls were performed in which the primary antibody was omitted.
Statistical analysis. All data are expressed as the mean7s.e. of the mean (s.e.m.) with o0.05 considered statistically significant. The nonpaired Student's t-test was applied using SigmaStat Version 2.03 (SPSS, Chicago, IL, USA).
Results
Comparison of ET-1-induced contraction. Stimulation of normal CCSM by ET-1 induced a characteristically slow generation of force and a sustained contraction (Figure 1a ). Compared to normal CCSM, the diabetic CCSM reached maximum contraction much more quickly in response to ET-1 (Figure 1b) . However, there was no significant change in the force produced by CCSM from diabetic rabbits in response to 125 mM KCl compared to CCSM from normal rabbits (Figure 1c ). An ET-1 dose response curve (0.41-33.3 nM) demonstrated that at each concentration of ET-1 tested, the diabetic CCSM generated more force per milligram tissue than CCSM from normal rabbits with the force at each concentration tested between 20 and 50% greater ( Figure 2 ). In addition, it was determined from the dose response curve that the diabetic CCSM was much more sensitive (EC 50 : 370.04 vs 970.22 nM) to ET-1 (n ¼ 5) (Table 1 ). In contrast, the sensitivity to the a 1 -adrenergic agonist phenylephrine (n ¼ 5) was not altered significantly ( Table 1) .
Expression of ET-1 and ETA/ETB receptors. Total RNA isolated from normal and diabetic corpora cavernosa was reverse transcribed and PCR performed using primers specific for ET-1 and the ETA and ETB receptors. The expression of ET-1 was not significantly different between normal and diabetic corpora (Figures 3a and d ) (n ¼ 6). The a-actin, amplified as an internal control, demonstrated equal amplification. In contrast to ET-1, the ET receptor ETA was expressed at a much higher level (B4-fold higher) in CCSM from diabetic rabbits than in the CCSM of normal controls (n ¼ 6), while the amplification of a-actin was not significantly different (Figures 3b and d) . The expression of ETB receptor was also increased in diabetic CCSM compared to normal CCSM (n ¼ 6) but to a much lesser degree (B60% higher) than the change in ETA receptor (Figures 3c and d) .
Western blot analyses using antibodies specific for the ETA or ETB receptor demonstrated similar increases in expression of these receptors at the protein level as was found at the mRNA level. As shown in Figures 4a and c , the expression of ETA was increased about four-fold (n ¼ 4) while the expression of ETB was on average increased only about 75% (n ¼ 4) (Figures 4b and c) . Interestingly, the Western blot for ETA also produced a minor band that ran just below the major band and was consistently found in all samples checked. The intensity of this band did not change in response to diabetes.
Immunofluorescence microscopy for ET-1 and ETA/ETB receptors. Histological analysis of H & E stained sections showed no major differences between normal (left column) and diabetic (right column) corpora (Figure 5a ). Immunofluorescence
Increased contractility of diabetic CCSM in response to endothelin S Chang et al microscopy of paraffin sections of normal rabbit corpus cavernosum with ET-1 antibody revealed positive reactions not only to the endothelial cells, but also to the CCSM cells (Figure 5b ). Corpus cavernosum from diabetic rabbits showed a similar pattern of staining to the normal with no readily apparent difference in the localization or intensity of ET-1 staining (Figure 5b) .
Immunostaining of normal corpora using specific antibodies to the ETA and ETB ET receptors are depicted in Figure 5c and d, respectively. Smooth muscle cells and the endothelium lining the cavernosal spaces reacted to these antibodies. Although the distribution of ETA and ETB did not change in diabetic compared to normal corpus cavernosum, the intensity of ETA (Figure 5c ) and ETB (Figure 5d ) staining was increased in CCSM from diabetic compared to CCSM from normal rabbits. The increases in ET receptor staining appeared more pronounced in the CCSM than in the arteries (indicated by white arrows).
ET-induced contraction of CCSM involves RhoA/ ROK pathway. Since it has been shown that rabbit CCSM expresses significant amounts of ROK 30 and also that ET-induced smooth muscle contraction may involve the RhoA-ROK pathway, we pretreated CCSM with the ROK selective inhibitor Y-27632 prior to stimulation by ET-1. After 15 min pretreatment with Y-27632, the corporal tissue was exposed to 33.3 nM ET-1 and force determined. As can be seen in Figure 6 , the force per 100 mg tissue elicited by ET-1 was reduced approximately 95% (n ¼ 3) by Y-27632 indicating that ET-induced contraction of CCSM is largely mediated by the ROK pathway. Increased contractility of diabetic CCSM in response to endothelin S Chang et al Expression of ROK. Since ROK inhibition had such a profound effect on ET-1-induced CCSM contraction, any alteration in the expression of ROK in diabetic CCSM could also be involved in the mechanism of increased ET-1 sensitivity. Therefore, we examined the expression of the two major isoforms of ROK (ROKa and ROKb) in normal and diabetic corporal tissue. RT-PCR showed that ROKb expression was increased approximately three-fold in the diabetic corporal tissue compared to the normal, although a-actin expression was not altered (Figures 7b and c) . In contrast, the expression of the ROKa isoform was not significantly altered ( Figures  7a and c) . A similar (B2.5-fold) upregulation of the ROKb isoform (n ¼ 4) was also found at the protein level by Western blotting (Figures 8b and c ). Similar to our message level finding, no significant change in the expression of the ROKa isoform was noted at the protein level (Figures 8a and c) .
Discussion
The results of this study show that the CCSM from diabetic rabbits exhibits increased contractility in response to ET-1 compared to CCSM from normal rabbits. The CCSM from diabetic rabbits was more sensitive to ET-1 (EC 50 : 3 vs 9 nM for normal) and generated greater force (20-50%) across all concentrations of ET-1 tested (0.41-33.3 nM) compared to CCSM from normal rabbits. This increased sensitivity appeared specific for the ET-mediated contractile pathway since no change in the sensitivity of force production was reported for phenylephrine. Furthermore, the maximum force, along with time to maximum force, in response to 125 mM KCl was not significantly different between CCSM from diabetic and normal rabbits.
To our knowledge, this is the only study that has compared the contractility of CCSM from diabetic animals to normal ones in response to ET-1. Each data point represents the average of results from five different rabbits. The symbol indicates a P value o0.01 and the * symbol indicates a P-value o0.05. Figure 3 RT-PCR analysis of ET-1, ETA and ETB expression. Representative ethidium bromide-stained agarose gels from RT-PCR using primers specific for ET-1 (a), ETA (b) or ETB (c) performed on total RNA isolated from corpora from normal and diabetic rabbits. The aactin cDNA was amplified as an internal control. Results from two normal rabbits (lanes 1 and 2) and two diabetic rabbits (lanes 3 and 4) are shown. The PCR fragments migrate to the predicted positions of 442 bp for ET-1, 330 bp for ETA, 378 bp for ETB and 96 bp for a-actin. PCR products were all sequenced to confirm their identity. The bar graph in (d) summarizes the densitometric analysis of the PCR gels (n ¼ 6). The symbol indicates a P value o0.01 and the * symbol indicates a P-value o0.05. Increased contractility of diabetic CCSM in response to endothelin S Chang et al However, our data are in contrast to an earlier report by Christ et al 14 in humans showing no significant differences between diabetic and nondiabetic men with organic ED in the response of CCSM to ET-1. One possible explanation for this discrepancy is that, unlike our rabbit population, their ED patient population may have had other pre-existing etiologies, in addition to diabetes, which complicated the conclusions. Further studies on CCSM from ED patients are required to clarify this.
The concentrations of ET-1 required to cause smooth muscle contraction in our studies, although similar to what has been reported for human CCSM and other types of smooth muscle, 14, 31 are well above the normal circulating plasma levels of ET, which are generally in the low picomolar range. 32 However, it is now being accepted that plasma ET levels are relatively meaningless, since the majority of ET-1 is secreted abluminally toward the vessel wall. 33 Furthermore, it has been suggested based upon receptor concentrations and the equilibrium dissociation constant of ET receptor complexes that in vivo ET probably binds stoichiometrically to its receptor and thus, most of the ET is probably bound and not in the plasma. 34 The strong staining for ET we observed throughout the corpora seems to support this hypothesis. In our present study, we did not measure plasma levels of ET for these reasons, but rather the expression of ET-1. Our results showed no detectable change in the mRNA expression level of ET-1 in CCSM from diabetic rabbits compared to normal CCSM.
The expression of the ETA receptor subtype was upregulated four-fold at both the mRNA and protein levels. Since binding of ET-1 to the ETA receptor results in smooth muscle contraction, overexpression of ETA in the diabetic CCSM could be the mechanism by which the diabetic CCSM becomes sensitized to ET. This observation supports the finding of Bell et al 19 who, using in vitro radioligand binding studies, demonstrated an approximately 20% increase in ETA receptor binding by the CCSM of 3-month streptozotocin-induced diabetic rats compared to age-matched controls. However, this same group later showed that there was no significant difference in ETA receptor binding between 3-or 6-month alloxan-induced diabetic rabbits and controls. 20 One possible explanation for the discrepancy between this latter study and our study is that, if as suggested by Frelin and Guedin, 34 most of the endogenous ET-1 in the CCSM is bound to the receptor, coupled with the fact that once bound, ET is very hard to wash off, there may be a limited number of unoccupied receptor sites available for additional binding by the selective ET receptor radioligands.
The expression of the ETB receptor subtype was also increased in the rabbit CCSM in response to diabetes (B70%), but to a lesser extent than the increase found for ETA. In the diabetic rat study referenced above, the authors were unable to detect any appreciable binding to the ETB receptor in CCSM from either normal or diabetic rats, 19 while the above rabbit study found a three-fold increase in ETB radioligand binding. 20 Recent pharmacologic evidence is consistent with the existence of two different populations of ETB receptors, activation of one causing smooth muscle relaxation (ETB1) and the other causing smooth muscle contraction (ETB2). 35, 36 These two ETB receptor populations are thought to correspond to the previously described ETB1 and ETB2 alternatively spliced variants of the ETB gene. 37 Thus, overexpression of ETB could also contribute to the increased sensitivity and contractility in response to ET found in this study depending upon which isoform is overexpressed. We plan to address this in future studies by stimulating with ET-1 in the presence of ETB1 or ETB2 selective antagonists. It has also now been proposed that there may be two isoforms of the ETA receptor. 38 Interestingly, our Western blots with the anti-ETA antibody did show reactivity with a second faster migrating protein, although the relative amount was much less compared to the main reacting band and did not vary in response to diabetes. Figure 4 Western blot analysis of ETA and ETB. Total protein was extracted from corpora and protein concentration of the supernatants were determined as described in the Methods section. Equal amounts of total extractable protein from two corpora each from normal (lanes 1 and 2) and diabetic rabbits (lanes 3 and 4) were then loaded onto a mini 12% SDSpolyacrylamide gel, separated by electrophoresis and then transferred to Immobilon-P membrane and probed with antibody to ETA (a) or ETB (b) as described in the Methods. The antibodies each reacted with bands of approximately 49 kDa, the sizes predicted from the cloned cDNAs. The bar graph in (c) summarizes the densitometric analysis of the Western blots (n ¼ 4). The symbol indicates a P-value o0.01 and the * symbol indicates a P-value o0.05.
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Although it is possible that upregulation of the ET receptors alone may be sufficient to account for the increased ET sensitivity of the CCSM from diabetic rabbits, other alterations in the ET signaling pathway downstream of the receptor could also be involved. One likely candidate is the RhoA/ROK pathway, since it has been shown that the ROK selective inhibitor Y-27632 attenuates ET-1-induced increases in portal vein constriction 23 and in vivo inhibits vasoconstriction in the penis. 39 Our study confirms the above in vivo studies by showing that pretreatment of rabbit CCSM with 5 mM Y-27632 almost Increased contractility of diabetic CCSM in response to endothelin S Chang et al completely abolishes ET-1-induced CCSM contraction. Since the ET-1-mediated pathway of CCSM contraction is largely dependent upon the RhoA/ ROK pathway, alterations in the expression of ROK could also be involved in the mechanism of the increased sensitivity of CCSM from diabetic rabbits.
RT-PCR performed on corporal tissue from diabetic and normal rabbits using primers that specifically amplify ROKa or ROKb, the two known isoforms of ROK, revealed that although the expression of ROKa was not altered, the expression of ROKb was increased about three-fold in the diabetic corpora. Similarly, Western blot analysis revealed a 2.5-fold upregulation of ROKb at the protein level. Interestingly, all but a few of the studies conducted on ROK have examined the expression of the ROKa isoform. However, the two ROK isoforms, although encoded by different genes, appear structurally very similar. They are both approximately 160 kDa and possess highly conserved pleckstrin homology and kinase domains. 25 Since ROK has been shown to increase the phosphorylation level of smooth muscle myosin (necessary for contraction) either by deactivating myosin phosphatase (by phosphorylating it) 40 or by direct phosphorylation of the smooth muscle myosin, 41 overexpression of ROKb in CCSM from diabetic rabbits may also contribute to the increased sensitivity of CCSM from diabetic rabbits to ET.
In conclusion, data from the present study clearly show an increase in sensitivity and force generation of CCSM from diabetic rabbits compared to CCSM from normal rabbits in response to ET-1, the mechanism of which involves an upregulation of ET receptor expression. Furthermore, the ET-1-induced CCSM contractile pathway is largely dependent upon the RhoA/ROK pathway and the ROKb isoform is upregulated in diabetic CCSM. Thus, an increased CCSM tone, modulated by sensitization of the ET -mediated contractile pathway, may be a key component of the molecular mechanism of diabetes-induced ED and may at least partially explain the decreased efficiency of phosphodiesterase V inhibitors in treating ED in the diabetic population.
Although the potential clinical role of ET-1 antagonists in treating ED appears promising, 42 a preliminary study by Kim et al 43 found that, in a pilot study using the ETA receptor selective antagonist BMS-193884, this compound failed to enhance erectile function in men with mild to moderate ED. Although this trial found no significant effect of BMS-193884 on ED, this does not rule out the possibility that ET antagonists can have therapeutic use for ED for a number of reasons. 2) and two diabetic rabbits (lanes 3 and 4) are shown. The PCR fragments appear to migrate to the predicted positions of 202 bp for ROKa and 336 bp for ROKb. PCR products were all sequenced to confirm their identity. The bar graph in (c) summarizes the densitometric analysis of the PCR gels (n ¼ 6). The symbol indicates a Pvalue o0.01.
Increased contractility of diabetic CCSM in response to endothelin S Chang et al First, this study did not examine the effect of the ET antagonist specifically in diabetic men with ED. Our study only reports the increase in ET sensitivity in diabetic rabbits. Thus, nondiabetic patients with ED would not be expected to benefit from this treatment. Second, ET antagonists by themselves may not be able to compensate for any cGMP deficiency but rather when used in combination with a PDE5 inhibitor may have an effect. Third, the ET antagonist used in this study was selective for ETA. Since the ETB2 receptors also can mediate contraction, they may compensate for the decrease in ETA binding. Fourth, the BMS-193884 antagonist appears to be more selective for blocking ET-2 binding than ET-1 binding and ET-1 is the physiologically most relevant form of ET in human CCSM. Interestingly, a preliminary report shows that in vivo chronic ET receptor antagonism using RO-48-5695 (a combined ETA/ETB receptor antagonist) can preserve erectile function in diabetic rats. 44 
Figure 8
Western blot analysis of ROKa and ROKb expression. Protein was extracted from corpora and protein concentration of the supernatants were determined as described in the Methods section. Equal amounts of total extractable protein from a corpora of a normal rabbit (lane 1) and a corpora from a diabetic rabbit (lane 2) were then loaded onto a mini 7.5% SDS-polyacrylamide gel, separated by electrophoresis and then transferred to Immobilon-P membrane and probed with antibody to ROKa (a) or ROKb (b) as described in the Methods. The antibodies each reacted with bands of approximately 160 kDa, the sizes predicted from the cloned cDNAs. The bar graph in (c) summarizes the densitometric analysis of the Western blots (n ¼ 6). The symbol indicates a P-value o0.01.
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